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Muse細胞移植は肝線維化モデルマウスにおいて肝細
胞への直接的な分化により肝機能を改善させる






















Ƥȓ        3ɗ 
ɨȄǈ       6ɗ 
ɨƳƾǣŘ       8ɗ 
	ɨƳƾƯƭ       11ɗ 

ɨƳƾŐŽ       12ɗ 
ɨƳƾǎţ       25ɗ 
ɨǝč       36ɗ 
ɨǎȖ       42ɗ 
ɨȘȪ       43ɗ 
ɨÖǝŎƚ       44ɗ 
ɨìȔŕ       50ɗ 
ɨì        55ɗ 
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Ƥȓ 
ABMi:  autologous bone marrow infusion 
AST:  aspartate aminotransferase  
ALT:  alanine aminotransferase  
α-FP:  alpha fetoprotein 
α -SMA:  alpha-smooth muscle actin 
α 1-AT:  alpha 1-anti Trypsin 
BMSC:  bone marrow-derived mesenchymal stem cell 
BSA:  bovine serum albumin 
CCl4:  carbon tetrachloride 
CK:  cytokeratin 
CYP1A2: Cytochrome P450, family1, subfamilyA, polypeptide2 
DAPI:  4’, 6-diamidino-2-phenylindole 
EDTA:  ethylenediaminetetraacetic acid 
FACS:  Fluorescence-activated cell sorter 
FBS:  fetal bovine serum 
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FGF-4:  fibroblast growth factor-4 
FISH:  Fluorescence in situ hybridization 
FITC:  fluorescein isothiocyanate 
Glc-6-Pase: glucose-6-phosphatase 
HB-EGF: heparin-binding EGF-like growth factor 
HGF:  hepatocyte growth factor 
HRP:  Horse-radish peroxidase 
IL-6:  interleukin-6 
M-cluster: Muse cell-derived cluster 
MMP:  matrix metalloproteinase 
MSC:  mesenchymal stem cell 
Muse:  Multilineage-differentiating stress-enduring 
PAGE:  polyacrylamide gel electrophoresis 
PBS:  phosphate buffered saline  
PFA:  paraformaldehyde 
poly-HEMA: poly 2-hydroxyethyl methacrylate 
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PVDF:  polyvinylidene difluoride membrane 
RT-PCR: reverse transcription polymerase chain reaction 
SCID:  Severe combined immunodeficiency 
SDS:  Sodium Dodecyl Sulfate 
SSEA-3:  stage-specific embryonic antigen-3 
TGF-α:  transforming growth factor alpha 
TIMP:  tissue inhibitor of metalloproteinase 
TNF:  tumor necrosis factor 
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 ɃǹǇğǊǦɥmesenchymal stem cell; MSCɦ6ɠɡɧǨǡɧƮǱ32E
ċŖ4ŅØ0ɧ ýŭ3½ËǧBǶĘȂȁǧ325ƘįKń-ğǊǦ0Gɧ
ǮƩĳ¥Ɲƭ3äə3Ć´0G*@ɧ!>">3ƧĶ4Ď#/ôƶƳ
ƾǵĠƳƾǾJH/G 8, 9ɨ0AɠɡƢŠMSCɥbone marrow-derived 15 











Þ!'G 10G1ǝEHGɨ 10 
 MSC5ýŭ3½ËKȔŕ%GMultilineage-differentiating stress-enduring 
ǊǦɥMuseǊǦɦ1ýǧĳğǊǦƫȅ!Hõà!H* 20-23ɨMuseǊǦ
6 MSC 5Ōobj4Ʊĥ#ɧýǧĳyU0G stage-specific 
embryonic antigen-3 (SSEA-3)1ɃǹǇğǊǦyU0GCD1055ȽɊ
ĳǊǦ1#/Ðɐ0G 20-23ɨMSC 1Ýŭ4ǮƩĳKń*3 5ǊǦ615 
OCT4, SOX2, Nanog325ýǧĳyU5ƫƜɧ1ǊǦE5 3ǥǹĳ½Ë
 10 
ǧɧǶĘȂȁǧKś%G 20, 23ɨŐɧMuseǊǦü5MSCɧ%3J+ non-Muse
ǊǦ46 5D3Ƙį63ɨī,/ɧMuseǊǦ6ɧǊǦƺŪ4DFŒă5
MSCƺŪ4Ź;ɧǊǦ5Űǧƭ3½Ë4DGɢ·ƟÉţŝĩ!HGɨ 
 ǠɌĊ4Ď%G MuseǊǦ5Éţ1#/6ɧŒ4 MuseǊǦ in vitro0Ƕ









ǊǦ1 non-Muse ǊǦ1 2 -5ǊǦǜ4J/ɧ±Ʀ´yQ`Kơ/5 
Ĺ#* 2 Ƽɜ5ǠɌĊ}iɧĲĳǠƐ}iǠǗǓË}i4ƺŪ%G





 pj BMSCK RonzaƸɥBasel, SwitzerlandɦEȟ³#*ɨǊǦóɞ6Œ
õ4īɧ10%Q^Ǥ²ǽƉɥFetal bovine serum, FBS; HyClone, Logan, UTɦɧ
0.1 mg/ml UlyP^ɥInvitrogen, Carlsbad, CAɦɧ1% GlutamaxɥLife 5 
technologies, Carlsbad, CAɦKƈÈ#* Minimal essential medium eagle 
ɥa-MEM; Sigma, St Louis, MOɦ4/ 37°C, 5% CO25Èƌƞø0Ǿ,* 20, 




 Fluorescence-activated cell sorter ɥFACSɦơngrM  50ml K
phosphate buffered saline (PBS; Nacalai, Kyoto, Japan) 44mlɧ5% bovine 
serum albumin (BSA; Nacalai) 5 mlɧ100 mM EDTA (Nacalai) 1 ml5ǌĹ0
Ĺ#*ɨ0.25% Trypsin-EDTA0ǊǦKÄɐ#*ĪɧǊǦK 5.0×105 cells/100 15 
ml5ÅÜ4 FACSơngrM0ĸƏ#*ɨĿ SSEA-3Ŀ (1:100, Millipore, 
 13 
Bedford, MA) K 1űĿ1#/ơ#ɧ4°C0 1ŗɃ×ı!'*ɨFACSng
rM0ƀƃ#*Īɧ2űĿ1#/ fluorescein isothiocyanate (FITC) Ůș
Ŀ rat-IgMĿɥ1:100, Jackson Immuno Research, West Grove, PAɦK 4°C
0 1 ŗɃ×ı!'*ɨťǸǋĪɧBD FACS AriaTM II cell sorter (Becton 
Dickinson, San Jose, CA) 0ȉŢÐɐKǾ,*ɨťǸKǾJ3,*ǊǦɧ25 
űĿ5?K×ı!'*ǊǦKơ/ SSEA-3 ɊĳǊǦ5YjKȍć#*ɨ
SSEA-3ɊĳǊǦKMuseǊǦɧSSEA-3ɉĳǊǦK non-MuseǊǦ1#/Ðɐ
#* 20, 23ɨ 
 
2ɨÐǊǦƄȰóɞ4DGMuseǊǦƢŠ cluster (M-cluster) 5ĦĹ 10 
 poly 2-hydroxyethyl methacrylate ɥpoly-HEMA, Sigmaɦ0Zj#* 96
QRtjKơ/ɧŒõ4ī,/ Muse ǊǦ5ÐǊǦƄȰóɞKǾ,*
20, 22, 23ɨ10% FBSɧ1% GlutamaxKƈÈ#* a-MEM0ɆƣĚȼ#*MuseǊ
Ǧnon-Muse ǊǦK(H)H 1 QR*F 1 ǊǦ5ÅÜ43GDȕō#






3ɨćȿ PCR  
 pjMuseǊǦɥ5×104 ¡ɦɧnon-MuseǊǦɥ5×104 ¡ɦD9M-cluster5 
ɥ100 ¡ɦE´ RNA K NucleoSpin RNA XS (Macherey-Nagel, Duren, 
Germany) Kơ/Ł¼#*ɨ(H)H5´ RNA KɧSuperScript 	 
synthesis kit (Invitrogen) Kơ/ɧcDNA:1ȬȨ¸×ıKǾ,*ɨćȿPCR
6 Applied Biosystems 7500 fast real-time PCR systemɥApplied Biosystemsɧ
CarlsbadɧCAɦKơ/ɧ×ı46 Taqman Master Mix ɥApplied 10 
BiosystemsɦKơ/Ǿ,*ɨtPytsbgj6 OCT4 
(Hs00999632_g1)ɧSOX2 (Hs01053049_s1)ɧNanog (Hs04260355_g1)ɧIL-6 
(Hs00985639_m1)ɧTNF (Hs01113624_g1)ɧHGF (Hs00300159_m1)ɧTGF-α 
(Hs00608187_m1)ɧHB-EGF (Hs00182813_m1)ɧVEGF (Hs00900055_m1)ɧ





 M-cluster KYfZjtj0 10-14 œɃņƲóɞKǾ,*ɨ
M-clusterEǊǦùŵ#* 1KƵȑ#*Īɧ4% paraformaldehyde (PFA; 
Millipore) Kơ/ 4°C0 1ŗɃíć#ɧŒõȖŎ4ī,/±ƦǊǦËĄK5 
Ǿ,* 20, 22, 23ɨ>&ÛƼ1űĿɥĿ cytokeratin7Ŀ (CK7, 1:500, Millipore), 
Ŀ β-tubulin Ŀ  (1:1000, Convance, Richmond, CA), Ŀ alpha-smooth 
muscle actinĿ (SMA; 1:500, Thermo, Cheshire, UK), Ŀα-FPĿ (1:100, 
DAKO, Carpinteria, CA), Ŀ DLKĿ (1:500, SantaCruz, Dallas, TX), Ŀ
CK18Ŀ (1:100, Abcam, Cambridge, UK), Ŀ CK19Ŀ (1:100, Thermo)ɦ10 
4 40 over night×ı!'*ɨPBS0 3èƀƃKǾ,*Īɧ2űĿ1#
/ Cy3Ůș anti-mouse IgGĿA#6 Cy3ŮșĿ rabbit IgGĿ (1:500, 
Jackson Immuno Research) 5&HKĉƊ0ɪŗɃ×ı!'*ɨ4’, 
6-diamidino-2-phenylindole (DAPI, 1:500, Sigma)Kơ/ŧťǸKǾ,*Īɧ




 ±Ʀ´yQ`0G SCID yQ`ɥCB17/Icr-Prkdc<scid>/CrlCrlj yQ`
ɥ810ȯɣɧɍɦɦK Charles river ƸɥYokohama, JapanɦEȟ³#*ɨ
ŞƳƾ6ɧšÌþĄÊƗĈɟāâ5ļȑKÙɧîƿþĄŽšÌþĄ4
GÊƗĈɟǀ4Ʉ%GȆćKȶą#/Ǿ,*ɨ 5 
 yQ`ĲĳǠƐ}i6ç÷ËƑǉ (CCl4; Wako, OsakaɧJapan) 1.5ml/kg
Kǰǭ¶ľ#Ĺ#* 7ɨCCl46TsŻɥWakoɦ0 10 ¢Ěȼ#ơ#
*ɨCCl4ǰǭ¶ľĪ 24ŗɃ5ŗƒ0pjMuseǊǦɥ2×104¡ɦɧnon-Muse
ǊǦɥ2×104¡ɦD9Zjǜ1#/Ýȿ5 PBS KēɓǩDFž³#
*ɨÛǜ 5Í&-1#*ɨ 10 
 yQ`ǠǗǓË}i6 CCl4 0.5ml/kgȯ 2èǰǭ¶ľK 8ȯɃǑǒ#
Ĺ#* 24ɨÀè CCl4ǰǭ¶ľĪ 2ɧ4ɧ6 ȯ5 3 -5ŗƒ0ɧ(H)Hpj
MuseǊǦɥ5×104¡ɦɧnon-MuseǊǦɥ5×104¡ɦD9Zjǜ1#




 Muse ǊǦ1 non-Muse ǊǦ5ɌĊǠ:5ȰȡǧKŹȩ%G*@ɧ24 QR




Invasion chamber55QR46 10ɤ5ǽƉA#6 50 mg5ǠǌǘKß
@*óð 750 mlK³H*ɨ5P\j46MuseǊǦA#6 non-Muse
ǊǦK 10ɤ FBS ƈÈ a-MEM 0Ěȼ#*ǊǦĸƏƇK 2.5×104 ǊǦ/500 ml
K³H*ɨ37°C, 5% CO25ƞø0 22ŗɃPV~vj#*Īɧǔũ0P
\j¶¨KÏ½4ŃɧƅƎ#3,*ǊǦKɈÕ#*ɨȰȡ#*ǊǦ510 







Q`D9ĲĳǠƐ}i4Ǎēɓǩƭ4ƺŪ#*ɨǊǦƺŪĪ 1 œ1 2 ȯ5
ŗƒ0(H)H5yQ`5ÛǴæɥǪɧİǴɧǢɧǠǴɧǫǴɧǳǴɧǯɧǬ
ǴɧɠɡƇɧǁǟɦEɧREDExtract-N-Amp Tissue PCR kit protocol (Sigma)
Kơ/Œõ4ī genomic DNAKŁ¼#* 25ɨ(H)H5Ǵæ4ß>HGp
j genomic DNAKćȿË%G*@ɧpjƘƥƭ4ăï%G AluȺ¿KùĜ!5 
'Gćȿ PCRKŒõ4īǾ,* 26ɨPCR×ı6 10 ml5 TaqMan Universal 
Master Mix with UNG (Applied Biosystems)ɧ900 nM5 forwardD9
reverse tPyɧ250nM 5tsɧ10ng 5\t DNA Kß@Ǖȿ
20 ml0Ǿ,*ɨ×ı6 50°C 5½, 95°C 10½5PV~vjKǾ,*Īɧ




ơ#*. %;/5ȉŢKŹȩ%G*@ɧZj1#/ 1ng5pj genomic 







\tK 4°Cɧ1500 g 0 15 ½Ƀȴİ#½ɐ#*ĪɧDRY-CHEM 7000V 5 
(Fuji-Film, Tokyo, Japan)Kơ/ǕǼƬȞ¤ɧAlbumin (Alb)ɧaspartate 
aminotransferase (AST)ɧalanine aminotransferase (ALT)ɧǕqq¤
KƋć#*ɨ 
 
9ɨuyjV^ST_ťǸSirius redťǸMasson-TrichromeťǸ 10 
 ǠǗǓË}i06tjZ5SkxPjɥÀè CCl4ľĪ 8 ȯɦ




ȏ%G*@ Sirius redťǸ1 Masson-TrichromeťǸKǾ,*ɨSirius red
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ťǸ6 Picrosirius Red Stain Kit (Polysciences, Inc, Warrington, PA)Kơ/ɧ
Masson-TrichromeťǸ6Masson-Trichrome (Muto Pure Chemicals, Tokyo)
Kơ/ȁȮ¯tjZ4ƍ$/Ǿ,*ɨ%;/5`PkKɛĮɀ0Ȉ
č#ɧǗǓËɘòKƷ% Sirius redťǸ5Ƞɘò1Masson-TrichromeťǸ5
ɒɘòK NIS elements (Nikon)Kơ/ȊƋ#*ɨÛǜ 8Í&-ȏ#ɧ(H5 
)H 200¢ȇȾ0e{4 10UĺȈč#ǗǓËɕƽ5ĝñ¤Kǂ¼#*ɨ 
 
10ɨ±ƦǌǘËĄ 
 ±ƦǌǘËĄ5*@ɧÛyQ`5ǠǴ5 8mmÓ¹ǎǺ¾`PkKƍ©#*ɨ 
 1% Sodium Dodecyl Sulfate (SDS, Nacalai) 5½4DGĿÔȝƁËKǾ,*10 
ĪɧÛ 1 űĿ1 4°C 0 overnight ×ı!'*ɨ1 űĿ6ĿpjƘƥƭ
mitochondriaĿ (1:100, Abcam) ɧĿpjƘƥƭ[_Ŀ (1:100, Abcam)
Kơ#Ŀ6 0.1% BSAƈÈ PBS0Ěȼ#*ɨ(5Īɧ2űĿ1#/ Alexa 
488ŮșĿmouse IgGĿA#6 Alexa 488ŮșĿ rabbit IgGĿ (1:500, 
Jackson Immuno Research)4ěƊ0 2ŗɃ×ı!'*ɨ 15 
 2ȽťǸ5öÜɧȌ5ş0ĿpjƘƥƭmitochondriaĿɧĿpjƘƥ
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ƭ[_ĿD9 2űĿK×ı!'*Īɧ!E4 2-@5 1űĿ1 4°C
0 overnight×ı!'*ɨ1űĿ6ĿpjƘƥƭ alpha 1-anti TrypsinĿ 
(α1-AT; 1:200, Thermo)ɧĿ human hepatocyteĿ (HepPar-1, 1:200, DAKO)ɧ
ĿpjƘƥƭ albuminĿ (1:100, Bethyl, Montgomery, TX)Kơ#*ɨĎ
ı%G 2űĿ1#/ Cy3ŮșĿ rabbit IgGĿA#6 Cy3ŮșĿmouse 5 
IgG ĿA#6 Cy3 ŮșĿ goat IgG Ŀ  (1:500, Jackson Immuno 
Research) 1ěƊ0 2 ŗɃ×ı!'*ɨDAPI 4DGŧťǸKǾ,*ĪɧµƔ




 ÛyQ`Eŉ¼#*ǠǴE RNeasy Mini Kit (QIAGEN, Valencia, CA)
Kơ/ɧǕ RNAKŁ¼ǅȁ#*ɨ(H)H5´ RNAKɧSuperScript 	 
synthesis kit (Invitrogen) Kơ/ɧcDNA:1ȬȨ¸×ıKǾ,*ɨPCR×
ı6 Ex Taq DNA polymerase (TaKaRa Bio, OtsuɧJapan)Kơ/Ǿ,*ɨ15 
ơ#*ÛƼtPyPCRş6Ȍ5ȭF0Gɨ 
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human beta-actin (annealing temperature (Tm) 55°C, 32 cycles (C)) 
sense : 5’-AGGCGGACTATGACTTAGTTGCGTTACACC-3’  
antisense : 5’-AAGTCCTCGGCCACATTGTGAACTTTG-3’ 
mouse beta-actin (Tm 55°C, 32C)  
sense : 5’-ACCCTAAGGCCAACCGTGAAAAGATGAC-3’  5 
antisense : 5’-CCGCTCGTTGCCAATAGTGATGACCT-3’ 
human albumin (Tm 54°C, 36C)  
sense : 5’-CACAAGCCCAAGGCAACAAAA-3’  
antisense : 5’-AGTGCTGTACCACTCTATTAG-3’ 
human Cytochrome P450, family1, subfamilyA, polypeptide2 (CYP1A2) (Tm 10 
58°C, 36C)  
sense : 5’-GGCACTTCGACCCTTACAAT-3’  
antisense : 5’-TTCAACCAGAGGTTCCTGTG-3’ 
human Glucose-6-phosphatase (Glc-6-Pase) (Tm 58°C, 36C)  
sense : 5’-GAAAGATAAAGCCGACCTACA-3’  15 
antisense : 5’-GCAGCAGATAAAATCCGATG-3’.  
 23 
pjĹǠ(Clontech Laboratories, Inc, Mountain View, CA) K positive 
control1#/ơ#*ɨ 
 
12ɨFluorescence in situ hybridization (FISH) 






 pjMuseǊǦɥ5×104¡ɦD9 non-MuseǊǦɥ5×104¡ɦK 3-5ş
0óɞ#*ɨ3-5ş6(1) 10% FBSɧ1% GlutamaxKƈÈ#* α-MEM4
2.5ɤ5Ɠ»ǚyQ`ǽƉKß@*óð0 1œɃɧ(2) 10% FBSɧ1% Glutamax
KƈÈ#* α-MEM 4 2.5ɤ5ĲĳǠƐyQ`ǽƉKß@*óð0 1 œɃɧ(3) 
10% FBSɧ1% GlutamaxKƈÈ#* α-MEM4 2.5ɤ5ĲĳǠƐyQ`ǽƉK15 
ß@*óð0 3œɃɧ1#*ɨÛǊǦK 20 mM Tris-HClɧ150 mM NaClɧ1% 
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Triton X-100ɧComplete (Roche Applied Science, Penzberg, Germany)5ǌĹ
5 lysis buffer0w}_RlPa#ǼƬȞKŁ¼#*ɨ 
 QR`dsghOX6Ůƍƭ3ŐŽ4ƍ$/Ǿ,*ɨ\tK 10% 
SDS-polyacrylamide gel (PAGE) (SuperSepTM; Wako) Kơ/ɑźſÊ#Ǽ
ƬȞK½ɐ#*ɨ(5Īɧpolyvinylidene difluoride membrane (PVDF, 5 
Immobilon-P, Millipore) 4sghOX#*ɨ|s6 1% `V{z
W (Nacalai)0sgVXKǾ,*ĪɧÛ 1űĿ1 4°C0 overnight×ı!
'*ɨ  1 űĿ6Ŀ matrix metalloproteinaseɥMMPɦ2 Ŀ  (1:200, 
SantaCruz)ɧĿ MMP14 Ŀ  (1:1000, Abcam)ɧĿ tissue inhibitor of 
metalloproteinase ɥTIMPɦ1 Ŀ (1:1000, Abcam)ɧĿ TIMP2Ŀ (1:1000, 10 
Abcam)ɧĿ b-actin Ŀ (1:5000, Abcam)Kơ#*ɨ(5Ī Horse-radish 
peroxidase (HRP)ŮșĿ mouse IgG Ŀ1Ŀ rabbit IgG Ŀ  (1:5000, 
Jackson Immuno Research)1ěƊ0 1 ŗɃ×ı!'*ɨPierce Western 




 Xr6ĝñ¤Ůƍ¦ė0Ĺ#*ɨidȉŢ6Prism 5 (MDF Co., Ltd, 
Tokyo, Japan)Kơ/Ǿ,*ɨ2ǜɃȉŢ6 student5 tūćɧ3ǜɃ5






 ŞĈɟ4/6pj BMSCƢŠMuseǊǦ4 3ǥǹĳ½ËǧG2
KƵȑ%G1Ýŗ4ǠǊǦǇ:5½ËǧAń-2Aŏ*4ūȋ#*ɨ
MuseǊǦ6 BMSCKóɞǑ# FACS4DF SSEA-3ɊĳǊǦ1#/Ðɐ5 
#*ɨSSEA-3ɊĳǊǦ6 BMSCs´5 1-5 %ƻĢKÒ@/*ɥì 2-Aɦɨ
SSEA-3 0Ðɐ#* Muse ǊǦ1 non-Muse ǊǦKÐǊǦƄȰóɞ#*5+ɧ 
M-clusterĦĹ5śƓKƵȑ#*ɥì 2-Bɦɨ(5ǎţMuseǊǦE6 39.3
1.22 ɤ5ÅÜ0ÐǊǦE5 M-cluster 5ĦĹȑ@EH*ɨMuse ǊǦɧ
non-MuseǊǦD9M-cluster4/ýǧĳyU0GOCT4ɧSOX2ɧ10 
Nanog5ƫƜȿKćȿ PCR0Źȩ#*1 Iɧ&H5yUA non-Muse
ǊǦDF Muse ǊǦ5ŐɢƫƜ0,*ɨ>* M-cluster 6 non-Muse ǊǦ
BMuseǊǦDFśĵ4ɢƫƜKƷ#*ɥì 2-DɦɨM-clusterKņƲóɞ#ɧ
ùŵ#*ǊǦɥì 2-Cɦ5±ƦǊǦËĄ06ɧǥǹyU0G SMAɧ¶
ǥǹyU0G CK7ɧüǥǹyU0G-tubulin 5ɊĳǊǦƷ!15 





CK19ɧCK18Ɋĳ5ǊǦƵȑ!H*ɥì 2-FɦɨɊĳƛ6 α -FP 0.730.15 %ɧ




 Muse G6 non-Muse ǊǦ5ɌĊKÙ*ǠǴ4Ď%GȰȡǧKūȎ%
G*@4ɧyQ`ĲĳǠƐ}i5ǽƉD9ǠǌǘKȰȡȒĐéĂ1#/ơ10 
/ Muse D9 non-Muse ǊǦ5ȰȡǧȐɟKǾ,*ɥì 3-Aɦɨ(5ǎţɧ
§ěyQ`ǽƉ06MuseǊǦnon-MuseǊǦ1A4<1L2Ȱȡ?EH3
,*54Ď#ɧCCl4ľyQ`5ľĪ 24 ŗɃɧ48 ŗɃ5ǽƉǠǌǘ4
Ď#/6MuseǊǦnon-MuseǊǦ1A4ý5Ȱȡ?EH*ɨ (Ɠ»ǚ vs. 
24 ŗɃ: P < 0.001ɧɩŗɃ vs. 24 ŗɃ: P < 0.001ɧ24 ŗɃ vs. 48 ŗɃ: P < 15 
0.001, (ǽƉǌǘ))ɨƘ4 24 ŗɃ5ŗƒ0ǽƉǠǌǘ1A4 Muse ǊǦ5
 28 
ȰȡÉƛ non-MuseǊǦDFAɢǏȊĄƭśĵėKȑ@*ɥP < 0.001ɦɨÝ
ŭ5ªÞ6 CCl4 ľĪ 48 ŗɃ0Aȑ@EH*ɨ 5 1E Muse ǊǦ6
non-MuseǊǦDFAśĵ4yQ`ĲĳǠƐ}i5ǽƉǠǌǘ4Ď#/Ĥ
ȰȡǧKń- 1Ʒ!H*ɨ 



















(H)H5¤4-/ɧƺŪÂɧ1 œƯɧ5 œƯɧ9 œƯɧ16 œƯɧ30 œƯ
5ŗƒ0ȊƋ#*ɧȽŹŇƺ6 16 œƯ>0MuseƺŪǜ0ŚAɢªÞK
Ʒ#*ɧ30œ>0ǜɃ05śĵė6?EH3,*ɨASTALT6&H5













#*1 IɧMuseƺŪǜ 1.931.43 %ɧnon-MuseƺŪǜ 0.040.08 %0
FǜɃ4ǏȊĄƭśĵėKȑ@*ɥP < 0.001ɦɥì 4-CɦɨĿpjƘƥƭ[
_Ŀ15 2 ȽťǸ0ȏ#*1 IɧƟƲ#*pj Muse ǊǦ6yQ`Ǡǌ
ǘ¶0ǠǊǦǇyU0G Alb D9 HepPar-1 KƫƜ#/G 1Ƶ
ȑ!H*ɥì 4-D, Eɦɨ 10 
  5D4ɧǽƇo|d6ǠƐE5èĭȱƻ4ǜɃ0Ʊȳ63,
*A55ɧyQ`ĲĳǠƐ}i4/pj Muse ǊǦÉƛƭ4ɌĊǠ4







Pj05?ǽƇūŦKǾ,*ɨǕqq¤6 Muse ǊǦƺŪǜ 0.28
0.06 mg/dl1ŚA¤0Fɧnon-MuseǊǦƺŪǜ0 0.460.11 mg/dlɧPBS
ľǜ0 0.710.12 mg/dl0,*ɨ&H5ǜɃ4AǏȊĄƭśĵė?E5 
H*ɥMuseƺŪǜ vs. non-MuseƺŪǜ P < 0.01ɧMuseƺŪǜ vs. PBSľ
ǜ P < 0.001ɧnon-MuseƺŪǜ vs. PBSľǜ P < 0.001ɦɥì 5-AɦɨN
sz¤6MuseƺŪǜ0 2.980.12 g/dl1ŚAɢ¤0Fɧnon-MuseƺŪ
ǜ0 2.880.15 g/dlɧPBSľǜ0 2.680.10 g/dl0,*ɥì 5-BɦɨMuse
ƺŪǜnon-MuseƺŪǜ1A4 PBSľǜ15Ƀ4ǏȊĄƭśĵėKȑ@*10 










đË#/GA55Ŵă#/*ɥì 5-C, DɦɨŐ PBS, non-Muse ǜ16ƥ
3FɧMuseǊǦƺŪǜ06ǗǓË6<1L2?EH3,*ɨSirius redťǸ5 
05Ƞɘò6 Muse ǊǦƺŪǜ 0.780.16 ɤɧnon-Muse ǊǦƺŪǜ 1.87
0.12 ɤɧPBSľǜ 2.910.40 ɤ0Fɧ&H5ǜɃA P < 0.0010ǏȊ
ĄƭśĵėKȑ@*ɥì 5-CɦɨMasson-TrichomeťǸ05ɒɘò6MuseǊǦ
ƺŪǜ 0.730.15 ɤɧnon-MuseǊǦƺŪǜ 1.110.15 ɤɧPBSľǜ 1.90
0.12 ɤ0FɧÛǜɃ4ǏȊĄƭśĵėKȑ@*ɥì 5-DɦɥMuseƺŪǜ vs. 10 
non-MuseƺŪǜ P < 0.01ɧMuseƺŪǜ vs. PBSľǜ P < 0.001ɧnon-Muse











ƲƛKǂ¼#*1 Iɧ MuseǊǦƺŪǜ 5.782.39%ɧnon-MuseǊǦƺŪ
ǜ 0.270.12%0FɧǏȊĄƭśĵėKȑ@*ɥì 6-BɦɥP < 0.001ɦɨ 
 ƟƲ#* Muse ǊǦ5ǠǊǦyU5ƫƜ4-/ 2 Ƚ±ƦťǸ0ȏ#
*ɨpjƘƥƭ[_11A4ǠǊǦyU0G Alb1 HepPar-15 2Ƚ
ťǸKǾ,*1 IɧpjƘƥƭ[_ɊĳǊǦ5ȹ4 Alb ɊĳǊǦ10 
HepPar-1 ɊĳǊǦƵȑ!H*ɥì 6-C, Dɦɨ>*pjƘƥƭ mitochondria
ĿKơ/ƺŪ#*pjǊǦKŮș#!E4Ŀ1-ATĿ15 2ȽťǸKǾ
,*1 Iɧ2ȽɊĳǊǦƵȑ!H*ɥì 6-EɦɨǊǦƺŪ0ƟƲ#*pjMuse
ǊǦ5ȹ6 Alb, HepPar-1, 1-AT1,*ǠǊǦǇyUKƫƜ%G 
1Ʒ!H*ɨ>*pjƘƥƭ[_ǊǦ5+ Alb Ɋĳƛ5ÅÜ6 9.1615 
0.70 %0,*ɨ 
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 ǠǴ4/6œěƭ4 cell fusionȢ/Fɧ>*ǊǦƺŪ#*ɋ4A
ƺŪǊǦ5½Ë1DFAČ5ǠǊǦ15 cell fusionȢ ,/G1!
HG 27, 28ɨ( 0ƟƲ#* Muse ǊǦ5ČǠǊǦ15 cell fusion 4-/
FISH Kơ/ȏ#*ɥì 6-FɦɨpjťǸKȠ0Ůș%G Human probe
1yQ`ťǸKǖ0Ůș%GMouse probeKơ/ȏ#*ɨDAPI0ťǸ5 
#*ŧ¶4ǖ5^Xl1Ƞ5^Xlµ4?EHG cell fusion¬Aȑ@E
H*ɧHuman probe5^Xl5?ăï%GƟƲǊǦAū¼!H*ɨ 5 
1EƟƲ#*MuseǊǦ546ČǠǊǦ1 cell fusion%G 13½Ë
%GǊǦăï%G 1Ʒã!H*ɨ 
 pjƘƥƭ3ĹƖǠǊǦyU5ȷĂƫƜKȏ%G*@ɧÛǜ5yQ10 
`ǠEǕ RNAKŁ¼# RT-PCRKǾ,*ɨpjƘƥƭ3 Alb ɧȉŸȻǉ0
G CYP1A2, ǆŏƟ4ɄJGȻǉ0G Glc-6-Pase06ɧ&H5yU
APBSǜ1 non-MuseƺŪǜ06ȷĂƫƜ?EH3,*54Ď#ɧMuse
ǊǦƺŪǜ06ɫ-5yU%;/4/ȷĂƫƜ?EH*ɥì 6-Gɦ








ơ5GȻǉ0G MMP2ɧ14 94 MMP 5«KɅĊ%G TIMP1ɧ2
4-/5QS`dsghOXKǾ,* 31-34ɨ 
 Ǡ·Ɵ4ɄJGƇĳéĂ06 IL-6ɧHGFɧTGF-ɧHB-EGFɧVEGF 4
/ non-MuseǊǦ0MuseǊǦDFAɢƫƜƵȑ!H*ɥì 7-AɦɨIL-6ɧ
HGFɧHB-EGFɧVEGF06ǏȊĄƭśĵė?EH*ɥIL-6HGFHB-EGF 10 











6 non-MuseǊǦ0ɢªÞ4G 1Ʒã!H*ɨMMP26MuseǊǦ5 

















































Ƣ<ē"MuseƊơ$	9%|ßȄYT BMSC<MuseƊơ% non-MuseƊ10 
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È 1 2")`ANƜǰádSg(æ9żĵàǼ\iTIlgȅ 
ąĆƜœdSg*SCID`AN(æ#CCl4 Ƨƥďq9%(68č
ȅCCl4 Ƨƥďqü 1ĥŮ( Muse4* non-Muse Ɗơ (2 × 104 )
<êǴƤƍŢ$żĵȅ 5 
ƜƖƔ¨dSg*SCID`AN(æ#CCl4 Ƨƥďq<ǖ 2Ä 8ǖǨƒƓ
9%(68čȅÄ CCl4 Ƨƥďqü 2ǖȄ4ǖȄ6ǖ) 3ÄȄMuse
4* non-Muse Ɗơ (5 × 104 )<êǴƤƍŢ$żĵȅ 
 
È 2 Muse Ɗơ)¬ǲȄMuse Ɗơ)ÕƢĆk3 Ơư¨6,ƜƊơƇ-)10 
¨ȅ 
(A) FACS(69 BMSCs) SSEA-3ǮĆƊơ)ǀȅ2.0ȁ) SSEA-3ǮĆƊ
ơÛÊȅ 
(B)(C) MuseƊơ7÷čM-cluster%M-cluster7ÒľƊơŷǂ
:. Scale bars: 50µm. 15 




ūś<Ÿȅ*: P < 0.05, **: P < 0.01, 
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***: P < 0.001.  
(E)(F) M-cluster7ÒľƊơ)ŦƌƗ¨Üȅ 
Ɗơ)s(ȄsƠư`lDl$	9 SMAȄƠư`lDl$	9 CK 7ȄÔƠ
ư`lDl$	9 β-tubulin)ǮĆƊơÛÊȄMuseƊơ) 3ƠưĆ¨Ƣ
ŷǂ:ȅ0ƜƊơƇ`lDl$	9 DLKȄα -FPȄCK196, CK185 
)ǮĆƊơ4ÛÊȅScale bars: 50µm. 
(G) DLKȄα -FPȄCK19ȄCK18)ǮĆŚ*:: 0.66±0.09%Ȅ0.73±0.15%Ȅ
0.7±0.22%Ȅ0.68±0.23%$	!ȅ 
 





ǙǎƢ<Ÿȅ*: P < 0.05, **: P < 0.01, ***: P < 0.001.  
(B) Muse6, non-MuseƊơ)ƍǴƤŭżĵü)ïȅżĵü 2ǖ)ĩ15 













Ɗơżĵƙ$īĉ(Ī4ǿ!ȅ***: P < 0.001. (D)(E) ŞŲYTMuse
Ɗơ*ƜƊơ`lDl$	9 Albumin % HepPar-1 <ūś#
ȅScale 
bars: 50µm. 10 
 





(C)(D) Sirus redĲƮ (C) %Masson-TrichromeĲƮ (D) (69ƜƖƔ¨)ǀ15 
ȅ¸ ƙ)zƵŭ'űŸǔ8ȄMuseƊơżĵƙ$īĉ(ƖƔ¨ƄÇŎ
é#8ȄñÌ(
#ƑƽÜŭīĉí17:ȅ**: P < 0.01, ***: P < 
0.001. Scale bars: 50µm. 
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È 6 ƜƖƔ¨dSg(9żĵƊơ)ŞŲk¨6, cell fusion)ǀȅ 
(A) ĐYTŘťŭJgMĐ(69Ɯƨ)ŦƌƗ¨ÜȅMuseƊơżĵƙ$ī
ĉ(Õ)ĐYTŘťŭJgMĐǮĆƊơŷǂ:ȅ  
(B) ĐYTŘťŭJgMĐǮĆŚ* Muse żĵƙ% non-Muse żĵƙ)Ǩ(5 
ƑƽÜŭīĉí<ǂ3ȅ***: P < 0.001.  
(C)(D)(E) ŦƌƗ¨ÜȂ2 ǤĲƮȃȅŞŲYT Muse Ɗơ*ƜƊơ`lD
l$	9 HepPar-1ȄalbuminȄα 1-AT<ūś#
ȅScale bar: 50µm.  
(F) FISHȅFISH)Ǝı7ŞŲYTMuseƊơ(* cell fusion<Ǐ
#
94)% cell fusion'ŞŲ#
94)%4(ÛÊȅScale bars: 10 
10µm.  
(G) RT-PCRȅ čŖƜƊơ`lDl$	9 AlbuminȄCYP1A2ȄGlc-6-Pase)
YTŘťŭ'\e@`l<Š
#ƴ! RT-PCR $*ȄMuse Ɗơżĵƙ$)
1YTŘťŭ AlbuminȄCYP1A2ȄGlc-6-Pase)ūś17:ȅ 
 15 
È 7 MuseƊơ6, non-MuseƊơ)ŋĆÅÚńƢ)ǀȅ 
(A) IL-6ȄTGF- αȄHGFȄVEGF ȄHB-EBF("
#)ßǦ PCRȅIL-6ȄHGFȄ
VEGFȄ HB-EGF* non-MuseƊơ$īĉ(ǿ
ūśŷǂ:ȅ*: P < 0.05, 
 55 




(1) ŕƘ`ANƳō 2.5% <¾3ÏË$ 1ĥǨȄ(2) CCl4Ƨƥďq`AN
Ƴō 2.5% <¾3ÏË$ 1ĥǨȄ(3) (2)%ºÏË$ 3ĥǨȄ) 3Į}$Ï5 
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A: FACS B C
D: !PCR
Bar = 50µm
*  : P < 0.05 
**  : P < 0.01 
***  : P < 0.001
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Relative expressions of genomic DNARelative expressions of genomic DNA
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***: P < 0.001
Bar = 50µm
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***: P < 0.001
Bar = 50µm
Merge  Human Golgi  HepPar-1 C Muse 
Merge  Human Golgi  Human Albumin D




Muse ! non-Muse !
Merge  Human Golgi  HepPar-1 


























Muse  Non-Muse  
Muse 
Merge  Human Golgi  Albumin Muse 
***
Merge  Human Mitochondria  Anti-Trypsin Muse 
A@=G>+#/#(%)
Muse ! non-Muse !
Merge  Human Golgi  HepPar-1 


























Muse  Non-Muse  
Muse 
Merge  Human Golgi  Albumin Muse 
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*  : P < 0.05 





(1)  Intact serum for 1 day 
(2)  Hepatitis serum for 1 day   
(3)  Hepatitis serum for 3 days 
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